Abstract: Dichloro-p-tolylphosphine, involved in a Mannich type reaction, together with o-aminophenol or 1,2-diaminopropane and acetone generated two phosphorin-2-oxide ring compounds, namely: hexahydro-3,3,5-trimethyl-2-p-tolyl-1,4,2-diazaphosphorine-2-oxide and 3,4-dihydro-3,3-dimethyl-2-p-tolyl-2H-1,4,2-benzoxaza-phosphorine-2-oxide. The two compounds were fully characterized by MS, IR, UV, 1 H-NMR, and gas chromatography. Another main objective of the present study was to examine to what extent the treatments with different concentrations of the above-mentioned diaza-and benzoxaza-compounds affected the content of leaf chlorophyll of a monocotyledonous plant (wheat), in correlation with all the other changes concerning the general development of the tested plants.
INTRODUCTION
In connection with previous reports, 1-3 the aim of this study was to investigate the auxine effect exhibited by two new phosphorus(V) heterocycles containing diaza or oxaza groups, which can be considered as phosphonic analogs of natural a-amino acids, well-known for their biological activity. The two heterocycles, namely hexahydro-3,3,5-trimethyl-2-p-tolyl-1,4,2-diazaphosphorine-2-oxide (1) and 3,4-dihydro-3,3-dimethyl-2-p-tolyl-2H-1,4,2-benzoxazaphosphorine-2-oxide (2) were obtained by multicomponent Mannich type reactions involving dichloro-p-tolylphosphine, acetone and o-aminophenol or 1,2-diaminopropane, as figured in Eqs. (1) and (2) . The obtained heterocycles were characterized by FT-IR, UV-Vis, GC, MS, 1 H-NMR and elemental analysis.
The second main objective of the present study was to examine how treatment with different concentrations of hexahydro-3,3,5-trimethyl-2-p-tolyl-1,4,2-diazaphosphorine-2-oxide and 3,4-dihydro-3,3-dimethyl-2-p-tolyl-2H-1,4,2-benzoxazaphosphorine-2-oxide affected the content of leaf chlorophyll of a monocotiledonous plant (wheat, Alex cultivar), in correlation with all the other parameters concerning the general development of the tested plants. Almost three decades ago a positive linear relationship between dry matter and the chlorophyll level of all plants under different temperature regimes was reported. 4 In this respect, another aim of this study was to observe if a dependence of this kind would be found in the present case, under treatment with different concentrations of the title compounds. If positive results were obtained, it would confirm that a fair estimation of the dry matter production in plants can be made from their chlorophyll contents. The chlorophyll concentrations were determined by analysis of the UV-visible spectrum of the extracted pigments in 80 % acetone. Spectroscopic methods are well-suited for routine analysis because they are easy to perform and do not require special equipment. 5, 6 Comparing the data resulting from treatment with the diaza compound 1 and the benzoxaza compound 2, it can be concluded that both these substances exhibit biological activity in wheat, acting as auxine, especially at a concentration of 50 ppm, when both the chlorophyll a and b concentrations were significantly increased.
It is to be emphasized that a very good correlation between the response of the chlorophyll content and all the other changes concerning the general development of the monocotyledonous plant was registered. At the same concentration, a comparison between the effects obtained with the two compounds revealed that the increase in the chlorophyll content was higher when hexahydro-3,3,5-trimethyl-2-p-tolyl-1,4,2-diazaphosphorine-2-oxide (1) was used.
EXPERIMENTAL
The reactions were performed with protection from atmospheric moisture. The melting points were determined on a Böetius apparatus, and are uncorrected. Elemental analyses were performed on a Carlo Erba 1106 analyzer. The phosphorus content was determined by Schöniger method using a Heraus apparatus. The 1 H-NMR spectra were determined in CDCl 3 solutions with a Varian Gemini 300 apparatus at 300 MHz. The chemical shifts (d) are given in ppm downfield from the internal TMS. The IR spectra were recorded on a SPECORD M80 JENA as KBr pellets. The UV-Vis spectra were determined on a SPECORD M42 as ethanol solutions. The mass spectra were registered using a Varian FINNIGAN MAT 212 mass spectrometer. The GC analyses were performed on Carlo Erba, Fractovap GT 200 gas chromatograph, with a double column system and a thermal conductivity detector, equipped with a DP700 Fisons Instruments data station, using two Pyrex glass columns 2m long, filled with two silicone stationary phases having different polarities (OV-1 and OV-17), which are the most appropriate for GC analysis of organophosphorus compounds. The stationary phases (3 %) were overlaid on a Gas Chrom Q (80-100 mesh) support, at a flow rate of 80 mL/min hydrogen, as carrier gas. The compounds were investigated as toluene solutions. The temperatures were: 260°C for the columns, 290°C for the injector, and 275°C for the detector. Based on the retention data obtained under the above mentioned conditions, and on the C 14 -C 32 series of normal hydrocarbons, the corresponding retention indices on the two silicone stationary phases having different polarities (OV-1 and OV-17) were determined using the well known formula of Kovats. 7 The compounds proved to be stable because during the elution time only one symmetric peak for each compound was obtained.
All reactants except the aryldichlorophosphines were reagents for synthesis from Merck-Schuchardt, Germany and from Sigma-Aldrich Division, Germany. All employed chemicals were predried and distilled from appropriate drying agents. 8 The C 14 -C 32 series of normal hydrocarbons was provided by Applied Science Laboratories Inc.
The synthesis of dichloro-p-tolylphosphine involved in these reactions was carried out in our laboratory, with improved yields, 9 by Friedel-Crafts reaction. 10 
Statistical analysis
The statistical processing of the experimental data was carried out using the STATGRAPHICS software application.
All experimental data were analyzed to determine the significance of differences between the means. All regressions (least-squares) were calculated with 95 %, 99 % and 99.9 % confidence limits (DL 5% , DL 1% and DL 0.1% , respectively).
A probability level value (p) of 0.05 or less was considered statistically significant. Averages that differed significantly are indicated in Tables I -IV by the following symbols: * -significant differences (p < 0.05); ** -distinct significant differences (p < 0.01); *** -very significant differences (p < 0.001).
When two average measurements were compared and the difference between them was greater than the above-mentioned DL value, the results were considered to be statistically significantly different.
General procedure for the synthesis of the new 1,4,2-diaza-or benzoxaza-phosphorine-2-oxides (1,2)
o-Aminophenol (or 1,2-diaminopropane) was dissolved in anhydrous benzene (20 mL for each 10 mmol diamino or hydroxylamino compound) and dichloro-p-tolylphosphine was added at room temperature with vigorous stirring in a mole ratio 1:1 (dichlorophosphine: diamino or alkylamino compound). 11, 12 With every added drop of dichlorophosphine, a red color appeared which transformed immediately into dark-yelow. After 60 min, to the well stirred solution, acetone at the same mole ratio 1:1:1 was added dropwise. The stirring was continued for 60 min, then the mixture was heated under reflux at 80-100°C for 8 h to give the desired compounds, as white-yellowish crystals, which were collected by filtration of the cooled reaction mixtures. It should be noted that the reaction mixture included some insoluble salt-like products. After recrystalization from benzene, the obtained products were subjected to IR, UV-Vis, GC, MS and 1 H-NMR analysis.
Method for testing growth regulating activity
To establish the auxinic effect activity of the two heterocycles, the Tsibulskaya-Vassilev general biotest 13, 14 was used. This method is described in detail in previous papers. [1] [2] [3] 
Determination of the chlorophyll content
The chlorophylls concentrations were determined by analysis of the UV-visible spectrum of the extracted pigments in 80% acetone. This method has also been reported previously. [1] [2] [3] The absorbance of the extract solution was measured with a V-550 UV/VIS Jasco Spectrophotometer at 647 nm and 663 nm, these being the absorbance maxima in 80 % acetone for chlorophyll a and chlorophyll b, respectively. The standard extinction equations reported by Lichtenthaler 6 were used for the calculations:
where A is the absorbance at the given wavelengths, D -the thickness of the used cuvette (cm).
RESULTS AND DISCUSSION
The two compounds were characterized, as follows. The IR spectra showed the expected bands, as follows: around 3445 cm -1 characteristic of NH bonds and near 1220 cm -1 , the specific frequency of P=O groups.
The UV-Vis studies (performed in ethanol), indicated that P=O group especially influences the structures that contain a benzene ring, thus the a band of benzene ( 1 L b = 254 nm) appeared at a higher value. This bathochromic shift towards values in the range 270 nm of the a band of benzene can be explained on the basis of extended conjugation of p-electron system, attributed to p-p * transition, because of the influence of the P=O group.
The biological influence of the two compounds can be seen from the data in Tables I and II. It is obvious that the two substances manifested their most significant influence on all growth parameters and the content of chlorophyll a and b of wheat seedlings, at a concentration of 50 ppm. However, for both tested compounds, the value of chlorophyll a/b ratio was minimum at the same concentration of 50 ppm, which means the increase of the chlorophyll b level was greater than that of chlorophyll a.
However, at a concentration of 200 ppm, all the measured parameters decreased in comparison to the control, which may indicate that the substances are toxic at higher concentrations. From the data presented in Tables I and III , it can be seen that for wheat which was treated with diaza-phosphorine compound 1, or with benzoxaza-phosphorine compound 2, important increases in the dry matter content were registered at all levels of treatment (the best values of 14 %, respectively 11 % were achieved at a concentration of 50 ppm), except for 200 ppm, demonstrating that the new tested substances had stimulated the metabolism and thus the accumulation of protein substances.
The results obtained for the dry matter are statistically assured in both cases, the recorded growth, compared with control, exhibiting in case of diaza compound 1: distinct significant differences for concentrations of 20 ppm and 100 ppm and very significant differences for 50 ppm, and in case of benzoxaza compound 2: significant differences for concentrations of 10 ppm and 20 ppm, very significant differences for 50 ppm and distinct significant differences for 100 ppm.
Statistically assured results were also obtained for the average number of roots, which, compared to the control, displayed distinct significant differences for 20 ppm and very significant differences for 50 and 100 ppm, when testing the diaza compound 1. The benzoxaza compound 2 gave the better statistically assured re-sults regarding the average number of roots, very significant differences being obtained for three different concentrations, i.e., 20, 50 and 100 ppm.
At 50 ppm (Tables II and IV) , the increase in the content of chlorophyll b was more pronounced than for chlorophyll a, resulting in a lower chlorophyll a/chlorophyll b ratio than in control plants, for both tested compounds. As was to be expected, the changes in chlorophyll content in wheat were accompanied by changes in the stem elongation. These results were statistically assured in case of chlorophyll a, and compared with the control, very significant differences, respectively distinct significant differences were found for the concentration of 50 ppm. It is well known that higher chlorophyll b levels, which were statistically assured in case of the benzoaxaza compound 2, allow light interception over a wider wavelength range, indicating better acclimation to shade. 15 Naturally occurring porphyrins, as chlorophyll, are very efficient at converting sunlight into chemical energy by using the electron transfer capabilities of the unsaturated porphyrin moieties. Similar results were obtained using 2-n-propyl-3-methyl-1,4,2-benzoxazaphosphorine-2-oxide, 1 a mixture of stereomers of 3-ethyl-2-isopropyl-3,5-dimethyl-1,4,2-diazaphosphorine-2-oxide, 3 and a phosphonium compound. 2 
CONCLUSIONS
Two phosphorin-2-oxide ring compounds, namely: hexahydro-3,3,5-trimethyl-2-p-tolyl-1,4,2-diazaphosphorine-2-oxide (1) and 3,4-dihydro-3,3-dimethyl-2-p-tolyl-2H-1,4,2-benzoxazaphosphorine-2-oxide (2), were synthesized by a multicomponent reaction and characterized by MS, IR, UV-Vis, 1 H-NMR, gas chromatography and elemental analysis.
These heterocycles exhibited biological activity as auxins as was shown by the increased content of chlorophyll in wheat seedlings being accompained by increased stem elongation.
For wheat treated with either the diazaphosphorine compound 1, or with the benzoxazaphosphorine compound 2, the development of chlorophyll a and b and all the biometric measurements: dry matter, average length of the seedlings, average length of the roots and average number of roots attained their best values at a concentration of 50 ppm. Most of these results are statistically assured.
The relationship between dry matter and chlorophyll level could permit a fair estimation of dry matter production in plants from their content of chlorophyll.
At the best concentration (50 ppm), a comparison between the effects obtained with the two compounds revealed that the increases in the chlorophyll content and in all the biometric measurements, except average length of the roots, were higher when hexahydro-3,3,5-trimethyl-2-p-tolyl-1,4,2-diazaphosphorine-2-oxide (1) was used.
By comparison of all previously tested diaza or benzoxaza compounds, it can be stated that the presence of an aliphatic radical bound to the phosphorus atom (n-propyl 1 or isopropyl 3 ) leads to an increase of the auxine activity and of chlorophyll a and b development. r-Tolildihlorfosfin, u Mannich-ovoj reakciji sa o-aminofenolom ili 1,2-diaminopropanom i acetonom gardi dva fosforin-2-oksidna cikli~na jediwewa, i to: heksahidro-3,3,5-trimetil-2-p-tolil-1,4,2-diaza-fosforin-2-oksid i 3,4-dihidro-3,3-dimetil-2-p-tolil-2H-1,4,2-benzoksaza-fosforin-2-oksid. Oba jediwewa su u potpunosti okarakterisana MS, IR, UV, 1 H-NMR i gasnom hromatografijom. Ciq ovih istraivawa je bio i ispitivawe uticaja razli~itih koncentracija gore pomenutih diazai benzoksaza-jediwewa na sadr`aj hlorofila li{}a kod monokotiledonskih biqaka (p{enica), u odnosu na sve druge promene u toku razvoja ispitivanih biqaka. 
